Efficient syntheses of 14H-dinaphtho [1,8- [1,8-bc] furan] (9) are described. The putative structure of 2 has been reported previously, but the synthetic route was not reproducible. 7H-Dibenzo[c,h]xanthen-7-one (4), a known compound, was obtained by a different method. Possible reaction mechanism are proposed.
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In recent years, many reagents have been developed for chiral recognition of organic compounds by NMR, 1) and our group has reported several axially chiral reagents for this purpose. [2] [3] [4] In an attempt to develop more useful reagents, we designed a new reagent that has an L-shaped dimer of naphthalene 5) as a skeleton and has strong anisotropy effects due to naphthalene moieties ( Fig. 1) . 14H-Dinaphtho [1,8-bc:1 0 ,8 0 -fg]oxocin-14-one (2) is a skeleton of this designed reagent that was synthesized by Kubo and Sato, 6) but the reported method was not reproducible. In addition, to our knowledge, an efficient method for the synthesis of L-shaped compounds such as 2 has not yet been developed. This may be due to the fact that these L-shaped dimers have no known applications; nevertheless, they have unique and attractive structures. Here we report the efficient synthesis of L-shaped dimer 2 and its analogs, which were found in the reaction process for 2.
Results and Discussion
According to the literature, 6 ) the L-shaped compound 2 is synthesized by Friedel-Crafts ring closure of carboxylic acid 1 in polyphosphoric acid (PPA) (Scheme 1). We repeated the reaction under the original conditions, but did not obtain 2, instead obtaining a 7-membered adduct (3) in 86% yield and a 6-membered adduct (4) in 14% yield. When we used TFAA along with a catalytic amount of trifluoromethansulfonic acid, the reaction gave 3 exclusively (Scheme 2). These results indicate that the formation of 3 proceeds under kinetic control while the formation of 4 proceeds under thermodynamic control. 7H-Dibenzo[c,h]xanthen-7-one (4) is a known compound synthesized by the reaction naphthol and hydroxynaphthoate. 7) We did not obtain dimer 4 by treatment of 3 in PPA at 100 C for 8 h. This result indicates that dimer 4 is formed from an A possible mechanism is shown in Scheme 3. Dimer 3 was a new compound, and hence we determined its structure by extensive 2D NMR analysis ( Table 1) . The 1 H NMR spectrum showed two clear doulets, which were attributable to H-12 and H-13. We found the physicochemical data of 3 to be very similar to those of 2 in the original study by Kudo and Sato 6) ( Table 2) . Their similarities were as follows: (i) The UV spectral data of 3 were completely coincident with those of 2 (reported). (ii) Methine carbon signals of 3 in 13 C NMR were approximately coincident with those of 2 (reported). (iii) The values of their melting points are similar. We estimated that compound 3 might in fact has been 2 in the study. 6) Since we were unable to obtain 2 by the route shown in Scheme 1, we developed a new, efficient synthetic route, as shown in Scheme 4. Lithium intermediate 6 8) was easily prepared from 1,8-dibromonaphthalene 5;
9) treatment of 6 with lactone 7 10) gave ketone 8 in quantitative yield. An intramolecular Ullmann ether coupling reaction 11) of 8 in 1-methyl-2-pyrrolidone (NMP) gave dimer 2 exclusively. In addition, we selectively obtained a new spiro compound 9 by the same method, but using pyridine instead of NMP. The structure of 2 was established on the basis of extensive 2D NMR analysis (Table 3) ; single-crystal X-ray analysis of 2 * (Fig. 2) confirmed the interpretation of the NMR data. We determined the structure of 9 by extensive 2D NMR analysis ( Table 4 ). The 13 C NMR spectrum included 11 signals containing acetal carbon (122:4). This indicates that 9 was asymmetrical spiroketal.
In addition, we briefly investigated substituent effects in Friedel-Crafts ring closure (Scheme 5). Carboxylic acid 10 was prepared by Ullmann ether coupling of 7-methoxy-1-naphthol with isopropyl 8-iodo-1-naphthoate, 4) followed by hydrolysis. Carboxylic acid 11 was prepared by Ullmann ether coupling of 1-naphthol with isopropyl 8-iodo-1-naphthoate, followed by bromination 12) and hydrolysis. closure of 10 afforded 12 selectively, although 10 contains an electron-donating group at the 7 0 position. Similarly, ring closure of 11 gave 13 selectively, even though 11 has an electron-withdrawing group at the 4 0 position. These results indicate that if there is a hydrogen at the 2 0 position of any dinaphthyl ether such as 1, Friedel-Crafts closure will occur at the 2 0 position, not at the 8 0 position, regardless of the directing effect. 8-Membered compounds such as 2 are known not to invert at over 200 C, but 7-membered compounds such as 3 have been reported to invert easily at room temperature. 13) Hence, the resulting 7-membered compounds (3, 11, and 12) might have been unsuitable as skeletons for our chiral reagents due to their potential flappable structure.
In conclusion, we succeeded in developing efficient syntheses for L-shaped naphthalene dimer 2, 7-membered compounds 3, 12, and 13, and spiro compound 9. Further derivatization of 2 and 9 to form chiral recognition reagents and/or chiral ligands for asymmetric synthesis is under investigation.
Experimental
General procedures. Et 2 O was dried by distillation over Na/benzophenone under a nitrogen atmosphere. Unless otherwise stated, solvent and reagents were used Isomerization reaction of 3 in PPA. A mixture of 3 (70 mg, 0.24 mmol) and polyphosphoric acid (2 ml) was heated and stirred at 100 C for 8 h. No spot except the starting material was detected by TLC analysis.
8-Bromo-1-naphthyl 8-hydroxy-1-naphthyl ketone (8).
To a stirred solution of 5 (2.00 g, 7.00 mmol) in ether (50 ml) cooled at À78 C was added dropwise over 5 min 2.6 M n-BuLi in hexane (2.70 ml, 7.10 mmol). The solution was stirred at À78 C for 30 min, and added to a solution of 7 (1.07 g, 6.30 mmol) in Et 2 O (20 ml) cooled to 0 C. The resulting dark red suspension was stirred at 0 C for 30 min and then at room temperature for 2 h. The reaction mixture was poured into 2 M aq. HCl (50 ml) and extracted with EtOAc (50 ml). The organic layer was washed with brine, dried over MgSO 4 , and concentrated in vacuo. Purification of the residue by column chromatography on SiO 2 using hexaneEtOAc (5:1) as eluent afforded 2.32 g (98%) of 8 as an orange solid. 
. To a solution of 8 (0.20 g, 0.52 mmol) and potassium carbonate (0.11 g, 0.79 mmol) in degassed pyridine was added Cu 2 O (7 mg, 0.05 mmol). The reaction mixture was heated at reflux for 2 h, cooled to room temperature, and concentrated in vacuo. The residue was dissolved in a mixture of 2 M aq. HCl and EtOAc, and the water layer was extracted with additional EtOAc. The combined EtOAc layers were washed with brine, dried with MgSO 4 , and concentrated in vacuo. Purification of the residue by column chromatography on SiO 2 using CHCl 3 as eluent afforded 0.12 g (74%) of 9 as a colorless solid.
9: Amorphous; m. General procedure for carboxylic acids (1, 10, and 11). A solution of ether (14-16, 1.00 mmol) and KOH (10 mmol) in DMI (5 ml) was heated at 100-130 C for 0.5-4 h. After cooling, the mixture was quenched with 2 M aq. HCl (50 ml) and extracted with toluene (50 ml). The organic layer was washed with brine and dried over MgSO 4 . The solvent was removed under reduced pressure, and the solid residue was washed with hexane/CH 2 Cl 2 to give acids 1, 10, and 11 as colorless solids in 81, 78, and 80% yield respectively. (13) . To a suspension of 11 (150 mg, 0.38 mmol) in CH 2 Cl 2 (10 ml) was added trifluoroacetic anhydride (67 ml, 0.57 mmol) at 0 C, and to the resulting yellow solution was added trifluoromethanesulfonic acid (4 ml, 0.04 mmol). After 1 min, the reaction mixture was poured into 2 M aq. HCl and extracted with CHCl 3 . The organic layer was washed with brine, dried over MgSO 4 , and concentrated in vacuo. Purification of the residue by column chromatography on SiO 2 using CHCl 3 as eluent afforded 130 mg (91%) of 13 as a yellow solid.
